timing observations were done using two different configurations of the BON instrumentation described intersects the Galaxy's Sagittarius arm at about 2 kpc from the Earth (Reid et al. 2009 ) and at the nominal
134
DM distance the pulsar environment is not especially crowded. Nevertheless, density variances not modeled 135 in NE2001 could change the distance significantly.
136
We phase-folded the data recorded by the Fermi LAT using the initial timing solution, and detected 137 pulsed gamma-ray emission with high significance. The gamma-ray light curve and spectral properties of 138 the MSP are discussed below. However, we observed gradual phase coherence loss for gamma-ray photon 139 dates which were earlier than the ephemeris validity interval, defined by the radio observation time span,
140
indicating erroneous parameters in the initial timing solution. To enhance the timing solution and make
141
it accurate for the entire time range of the LAT data used here, we extracted TOAs from the gamma-ray 142 data using the method described in Ray et al. (2011) . The LAT data were divided in time intervals where 143 the gamma-ray pulsation had a significance of at least 3σ. For each time interval, we then measured a
144
TOA by cross-correlating the observed gamma-ray light curve and a standard template, derived from the 145 fraction of the LAT data covered by the timing solution. The pulsar ephemeris was then optimized with the 146 gamma-ray and radio TOAs. This procedure was repeated until phase-coherence was ensured over the whole
147
LAT dataset. We eventually extracted a total of 10 gamma-ray TOAs between MJDs 54682 and 55294, with 148 a mean uncertainty of 49.1 µs.
149
The final timing solution was built using radio and gamma-ray TOAs, fitting for the pulsar position,
150
rotational period and first derivative, binary parameters and phase jumps between observatories. The dis-151 persion measure value was held fixed at this stage. The low-eccentricity orbit was described using the ELL1 dataset. We obtained a reduced χ 2 value of 1.14. The corresponding timing solution is given in Table 1 .
156
The spin-down luminosity and magnetic field at the light cylinder derived from the measured period and 157 period derivative are typical of other gamma-ray MSPs detected so far (Abdo et al. 2009a, 2010b corresponding to a pulsation significance well above 10σ. As can be seen in Figure 1 , the gamma-ray 201 pulse profile comprises two close peaks, offset from the radio emission. The absolute phasing in these light 202 curves is such that the maximum of the first Fourier harmonic of the radio profile transferred back into the 203 time domain is at phase 0. Under that convention, the maximum of the radio profile is at Φ r = 0.123 in 204 phase. We fitted the gamma-ray light curve above 0.1 GeV using a two-sided Lorentzian function for the 205 asymetrical first peak and a simple Lorentzian function for the second peak above constant background.
206
For each peak, the peak position Φ i and the Full Width at Half-Maximum FWHM i are listed in Table   207 2. The Table also lists the values of the radio-to-gamma-ray lag δ = Φ 1 − Φ r , and the gamma-ray peak region of the δ -∆ plot where few gamma-ray pulsars were known.
215
The spectral analysis was done by fitting the region around PSR J2017+0603 using a binned likelihood 216 method (Cash 1979; Mattox et al. 1996) , implemented in the pyLikelihood module of the Fermi STs. All found in an internal LAT source list using 18 months of data were included in the model. Sources were 219 modeled with power-law spectra, except for PSR J2017+0603 which was modeled with an exponentially cut 220 off power-law, of the form:
In Equation (1), N 0 is a normalization factor, Γ denotes the photon index, and E c is the cutoff energy of Table 2 , and the corresponding gamma-ray energy spectrum is shown 229 in Figure 3 . The first errors are statistical, and the second are systematic. These last uncertainties were 230 calculated by following the same procedure as above, but using bracketing IRFs for which the effective 231 area has been perturbed by ± 10% at 0.1 GeV, ± 5% near 0.5 GeV and ± 20% at 10 GeV with linear 232 interpolations in log space between. We also modeled the millisecond pulsar with a power-law fit, β = 0, ground levels shown in Figure 1 were calculated with this method, which is more powerful at discriminating 244 background events than methods involving surrounding annuli.
245
The photon index Γ and cutoff energy E c measured in this analysis are reminiscent of those of previously- We measured DM = 13.762 ± 0.006 pc cm We used the initial timing solution to phase-fold the LAT data and detected highly-significant gamma- to PSR J2017+0603, we could not fold all LAT data properly using the initial timing solution, as we observed 276 loss of phase-coherence for photons recorded before the first radio timing data were taken. Following the 277 iterative procedure described in Section 3.1, we extracted TOAs for the gamma-ray data, optimized the 278 timing solution by adding the gamma-ray TOAs to the radio dataset, and phase-folded the LAT data until 279 we obtained phase-coherence over the entire Fermi dataset described previously. We finally measured nine
280
TOAs between MJDs 54682 and 55294 with an uncertainty of 44.6 µs.
281
The final timing solution obtained by fitting for the pulsar position, rotational period and first time 282 derivative and binary parameters is listed in Table 1 . The low-eccentricity orbit of PSR J2302+4442 was also 283 described using the ELL1 model. The same procedure to correct underestimated TOA uncertainties with 284 EFAC parameters as described in 3.1 was used, resulting in a reduced χ 2 value of 1.04. Like PSR J2017+0603,
285
J2302+4442 is subject to significant contribution from the Shklovskii effect, with a relatively small period 286 derivative of ≃ 1.33 × 10 −20 . We were not able to measure any significant proper motion with the present 287 dataset, however accumulated radio observations may help constrain the Shklovskii contribution.
288
Under the assumption of an edge-on orbit and a pulsar mass of 1.4 M ⊙ , the lower limit on the companion 
308
On 2009 December 25, while this Fermi LAT source was as yet unidentified, the XMM-Newton satellite 309 observed the LAT-source field with the EPIC-MOS and -PN cameras in an effort to explore the source region.
310
We reduced these data with the Science Analysis Software (SAS) version 10.0.0 released on 2010 April 28.
311
After filtering the observation for intervals of high particle background we were left with good time intervals . Once the radio pulsar position was refined to the arcsecond level one X-ray source in particular was positionally identified as the likely pulsar candidate and we name this source XMMUJ230247+444219.
We extracted events from a 50 ′′ region around the source from both the MOS1 and MOS2 event files, and background events from a 100 ′′ region nearby and apparently free of faint X-ray sources but still on the we obtain a new fit with reduced χ 2 of 1.000 with 18 degrees of freedom and more precise error ranges:
339
T eff = 8.1 of the neutron star surface that is emitting and amounts to a total of ≃ 23 km 2 in our simple model, less 343 than the entire neutron star surface area. We note that after accounting for the observed background, we 344 are working with approximately 300 observed source counts and given this small number and the restricted 345 energy range we cannot set strong limits on the column density to the source nor can we investigate the 346 possibility of a non-thermal component above 2 keV in the X-ray spectrum. Thus, while it is very likely 347 that this X-ray source is in fact the pulsar PSR J2302+4442, longer duration X-ray observations with XMM-
348
Newton or Chandra are required to more precisely determine its atmospheric parameters and search for 349 possible X-ray pulsations. 
Gamma-ray analysis

351
The gamma-ray analysis of PSR J2302+4442 was similar to that of PSR J2017+0603 (see Section 3.3). ′′ ). The color scale represents counts per pixel. The position of the pulsar is shown by the green cross and is indistinguishable to the accuracy of the X-ray image from the position of the X-ray source we call XMMUJ230247+444219. This source, and the source labeled A, were both detected by the Swift XRT in its exploration of this field (see text) but the two other labeled sources (B & C) apparently were not detected by the XRT. maximum of the radio profile at 1.4 GHz is at phase Φ r = 0.960, under the same convention for the absolute 355 phasing as described in Section 3.3. We checked whether the structure between phase 0.25 and 0.4 comprises 356 one or two gamma-ray peaks by plotting light curves with 10, 20, 30, 50 and 100 counts in each bin. We 357 found that a sharp peak at phase ∼ 0.31 is clearly observed, whereas the possible component at phase ∼ 358 0.35 is not significant with the present dataset. We fitted the sharp structure at phase ∼ 0.31 as well as 359 the second gamma-ray peak with Lorentzian functions above constant background. The peak positions and 360 FWHM, as well as the radio-to-gamma-ray lag and gamma-ray peak separation are listed in Table 2 The gamma-ray spectral parameters for PSR J2302+4442 obtained from a fit with β = 1 are listed in 367 Table 2 , and Figure 5 shows the corresponding energy spectrum. In this case, spectral parameters of sources 368 within 6
• from the pulsar were left free in the fit. The simple power-law model without cutoff is rejected at 369 the 9σ level. A spectral fit with the β parameter in Equation (1) Table 2 is consistent with that of the 1FGL pair formation front is established, so that the primaries continue to accelerate along the B-field lines and 396 emit curvature gamma-ray radiation up to near the light cylinder. The non-zero lags between the gamma-ray 397 and radio pulses led us to model the radio using a phenomenological model proposed by Story et al. (2007) , 398 where one assumes that the radio emission originates in a cone beam centered on the magnetic dipole axis 399 at a single altitude. Different combinations of inclination and observer angles α and ζ will result in zero, one 400 or two radio peaks from each pole, along with different gamma-ray profile shapes, depending on how close 401 an observer's line-of-sight sweeps with respect to the magnetic axis.
402
We have used a Markov chain Monte Carlo (MCMC) maximum likelihood fitting technique to jointly 403 model the gamma-ray and radio pulse profiles in order to statistically pick the best-fit emission model 404 geometry (details will be described in Johnson et al. 2011 ). Additionally, we have generated simulations with 
413
The gamma-ray light curves are fit using Poisson likelihood and the radio profiles using a χ 2 statistic.
414
In order to balance the contributions from the radio and gamma-ray data, and in particular to balance the 415 high statistical precision of the radio data against our simple cone-beam model, we have used a relative error 416 for the radio data equal to the average gamma-ray relative uncertainty in the on-peak region times the radio 417 maximum. It is important to note that the choice of uncertainty for the radio profile can strongly affect the 418 best-fit results. A smaller uncertainty will decrease the overall likelihood, which can in some cases lead to a 419 different best-fit geometry favoring the radio light curve. For both MSPs we have taken the gamma-ray on- 
432
In order to match the data with our simulations we re-binned both the gamma-ray and radio data to profile, but as we discuss below our radio profile simulations are not refined enough to reproduce these 435 structures and thus fitting to the 60 bin radio profiles is sufficient to reproduce the general features, namely 436 the gamma-to-radio lag. For PSR J2017+0603 we find best-fit solutions of α = 16
• and ζ = 68
• with an infinitely thin gap for a TPC model and α = 17
• with an infinitely thin gap for an OG model.
438
For PSR J2302+4442 we find best-fit solutions of α = 58
• and ζ = 46
• with infinitely thin gap for a TPC 439 model and α = 63
• and ζ = 39
• with infinitely thin gap for an OG model. When we find best-fit models 440 with infinitely thin gap widths for both pulsars we do not think this represents the truth as a zero-width 441 gap is unphysical; rather, we take this to mean that the best gap width is somewhere between 0 and 0.05 442 and the best-fit value of 0 is chosen only as a result of the resolution of our simulations. Note also that we 443 have not yet calibrated the fitting procedure to address the significance of differences in −log(likelihood) so
444
we cannot be more quantitative in discussing the preference of one model over another. However, for both
445
MSPs differences in −log(likelihood) were close to 0, meaning that neither of TPC and OG geometries are 446 preferred.
447
Neither of the model fits for PSR J2017+0603 are able to produce a wide enough first gamma-ray peak 448 but both produce the correct peak separation. Also, the model fits cannot reproduce all the features observed 449 in the radio profile. However, the best-fit geometries are able to produce radio-to-gamma-ray lags close to 450 what is observed. The situation is similar for PSR J2302+4442, with both models matching the sharp second 451 gamma-ray peak but neither is able to produce a strong enough first peak. The TPC model implies two shown that lowering the maximum emission altitude can affect the prominence of these two peaks, which
454
suggests that more investigation is merited in this parameter. With more data the significance, or not, of 455 this two-peaked structure will serve as a further discriminator between the models. Neither best-fit geometry 456 produces produces two radio peaks with the correct spacing. The TPC geometry does predict two closely 457 spaced radio peaks while the OG geometry approximately matches the radio peak near 0.15 in phase.
458
For both MSPs, it is of interest to note that geometries with α and ζ both near 20
• produce two profiles, while the model can only produce zero, one, or two peaks from each magnetic pole. This points to 463 more complex radio emission geometries, with radio emission from both magnetic poles visible, and likely 464 that emission may occur higher up in the magnetosphere as has been suggested by Ravi et al. (2010) .
465
We also fit both MSPs with the PSPC model, though this is not as successful at producing sharp 466 gamma-ray peaks. For both MSPs the fits predict α ∼ 70
• and ζ ∼ 80
• which suggest that we would see 467 radio emission from both magnetic poles. The gamma-ray PSPC models are able to reproduce the second, and fit results also show that there is still much to be learned about the radio beam structure. 
Gamma-ray efficiencies
473
One can derive the total gamma-ray luminosity above 0.1 GeV and the efficiency of conversion of spin-474 down energy into gamma rays with the following expressions: • and an infinitely thin gap for the TPC emission geometry, and α = 63
• , ζ = 39
• and an infinitely thin gap for the OG model.
In these expressions, d andĖ are the pulsar distance and spin-down energy, f Ω is the correction factor 476 depending on the viewing geometry defined above, and G is the energy flux measured above 0.1 GeV. 3.3 mas should be measurable with accumulated radio timing observations. This parallax could 497 also be measured via the VLBI measurements being undertaken for all Fermi pulsars 8 .
498
Conclusions
499
In a search for radio pulsations at the position of Fermi 1FGL catalog sources with the Nançay radio 500 telescope, we discovered two millisecond pulsars, PSRs J2017+0603 and J2302+4442, both orbiting low-501 mass companion stars. Both pulsars were found to emit pulsed gamma-ray emission, indicating that they 502 are associated with the previously unidentified gamma-ray sources. The gamma-ray light curves and spectral
503
properties of the two MSPs are reminiscent of those of other gamma-ray MSPs observed previously.
504
Prior to Fermi, error boxes of unidentified gamma-ray sources were much larger than radio telescope 505 beams, making searches for pulsars difficult, as multiple pointings were required to cover the gamma-ray cally localized to within 10 arcminutes, which is comparable to radio beam sizes and therefore makes radio 508 pulsation searches easier and more efficient. With its improved localization accuracy and its homogeneous 509 coverage of the gamma-ray sky, the Fermi LAT is therefore revealing the population of energetic pulsars 510 and millisecond pulsars, providing a complementary view of the Galactic population of pulsars, which has 511 mostly been studied at radio wavelengths up to now. 
